Prior to the appearance of any dinosaur, the terrestrial fauna of the late Paleozoic was dominated by reptiles whose ancestors would one day be known as mammals. Classification of these "mammal-like reptiles" into the orders Pelycosauria and Therapsida describes an evolutionary relationship, the latter animals being more advanced and grading directly into mammals. Ecologically, the mammal-like reptiles have been broadly grouped into herbivorous forms, exemplified by Lystrosaurus ( fig. 1) 
Methods of Study and Inference
The concept of uniformitarianism (Simpson 1970 ) is often represented by the aphorism "the present is the key to the past," which states effectively that events and processes occurred in the same manner in the past as they do currently (and vice versa) . Using this concept, we can develop propositions about extinct organisms, based upon physical and biological facts that can be studied in the present. For example, one might assume that gravity existed in the past and exerted force on mass in the same way that it does today. Or, if a fossil mammal skull contains a central cavity, we can propose that this space was occupied by Especialy useful in paleobiological inference is taxonomic uniformitarianism (Lawrence 1971 ) which proposes that associations between biological aspects of fossilized animals can be made with observable characteristics of closely related extant taxa. The premise here is that structures with similar form and occurrence in uniform but separate environments probably served similar functions. Such syllogistic logic allows one to deduce likely functions associated with particular structures. For example, ichthyosaur fossils are found in marine deposits, and although reptiles, they appear superficially like modern porpoises. Therefore, paleobiologists have interpreted other aspects of ichthyosaur biology, such as feeding and locomotion, to be similar to that of extant porpoises.
Analogy and homology are additional, useful concepts for clarifying evolutionary relationships and trends (Atz 1970; Romer and Parsons 1977) . A homologous feature is one which is present in different taxa due to inheritance from a common ancestor. In contrast, analagous features are those which have evolved independently in different taxa. Examples might include the tails of monkeys and horses as homologous features, with the wings of birds and butterflies as analogues.
The comparative method can also be used to discern evolutionary trends -and likely selective pressures which have shaped them. When one examines groups of animals, certain behavioral and morphological similarities and differences become apparent. It is assumed that such features are the result of functional changes correlated with environmental conditions and the mode of life under which the animal has evolved. For instance, the ichthyosaur's limbs have become finshaped to aid in pelagic swimming, while those of its reptilian cousins are designed for terrestrial locomotion.
Why Study Therapsids?
An assemblage of fossils of rich variety and in good condition can enhance the range and quality of information obtainable through the use of these methods.
A group ideally suited for such inference is the mammal-like reptiles, especially the more advanced therapsids. In their evolution from truly reptilian forms to mammals, therapsids comprise the only well-documented transition from one vertebrate class to another.
Indeed, therapsid evolution is better portrayed in the fossil record than for almost any other animal taxa (Kemp 1982) . And because many aspects of vertebrate physiology manifest themselves in skeletal structure, certain "soft" anatomical, ethological, and even ecological characteristics of these animals can sometimes be inferred. Because of these evolutionary relationships and the rich therapsid fossil fauna available to us, this group provides not only a unique window into the phylogeny of an interesting group of extinct animals, but also a means of considering patterns of large-scale morpho-326 THE AMERICAN BIOLOGY TEACHER, VOLUME 45, NO. 6, OCTOBER 1983 logical, physiological, and behavioral change. We will examine a number of aspects of therapsid biology, with emphasis placed on ethological characteristics that can be inferred from available evidence, and how such hypotheses are constructed and supported or refuted (see Colbert 1958) . Specifically, we will discuss two examples of how morphological and related considerations help to provide insights into the behavior and physiology of therapsids. First, metabolic rate and associated activity patterns, and second, the possible existence and uses of vomeronasal organ will be explored. These examples were chosen for their wealth of relevant data and by no means cover the range of possibilities for paleoethological inference.
Metabolism and Activity Patterns
Many aspects of typically mammalian behavior can be related directly to endothermy and associated high activity levels. Significant to inference about "active therapsids" is extensive fossil evidence for elevated metabolic rates, perhaps approaching those of mammals. When metabolic rate increases, cellular energy demands increase proportionally and a higher rate of oxygen delivery to tissues is required. Extant mammals satisfy this respiratory requirement in part through use of a diaphragm. Muscular contractions of the diaphragm increase the size of the thoracic cavity, causing a negative pressure to develop in the lungs, which causes air to be sucked in. If we hypothesize that therapsids did have elevated metabolic rates and a diaphragm to aid in oxygen intake, how might we support or refute such an idea? If there is some skeletal feature associated with possession of a diaphragm in mammals, its presence in therapsids would indirectly support our hypothesis. Therapsid rib structure provides such a feature (Brink 1957 (fig. 4) , a differentiation between thoracic and abdominal ribs occurs precisely at the location where the diaphragm is found in mammals (Brink 1957) . Thus, our hypothesis that therapsids possessed a diaphragm is supported inferentially for the more advanced therapsids. More important, our primary hypothesis, that therapsids possessed an elevated metabolic rate and were quite active behaviorally, is supported more generally. Before any selective pressure for evolution of a diaphragm could have occurred, some degree of increased metabolic rate must have been characteristic of these mammal-like reptiles.
Other features of therapsid fossils suggest elevated metabolism. For example, the biomechanics of therapsid locomotion can be determined from bone structure (Kemp 1982) . Locomotion efficiency greatly increased when the pelvic girdle rotated to place limbs under the body rather than to the sides in a sprawling manner.
This arrangement afforded more power to the hind limbs for speed and moved the feet closer together resulting in increased maneuverability. Associated with the latter, we find vertebral column modifications, and all such structural and locomotory modifications of cynodonts would have allowed these predators to more actively capture prey, avoid predators, and proceed through routine activities. Histological observations of the bones of virtually all therapsids indicate a marked difference from other reptiles, as well. The
Haversian canal system and cortex vascularization are well developed and growth rings are absent. Therapsid bones are identical to mammalian bones in these regards and these features have been attributed to endothermic physiology (Ricqles 1974) .
Geological information supports a hypothesis of elevated therapsid metabolic rates. Bakker (1974) 3) were fossilized were formed at about 600 latitude.
Therefore, dinocephalians, which were probably too large to find suitable hibernation sites, probably needed to produce enough heat to remain active during temperate seasons.
Also associated with homeothermy might be a role for insulation for retaining heat and sweat glands for dissipating heat. Evidence for a specialized type of hair, vibrissae, is present on some cynodont skulls (Watson 1931 ). Brink (1957) Clearly, much can be inferred and supported by fossil and comparative evidence about physiological aspects of therapsids. Furthermore, behavioral characteristics associated with such physiological adaptations can be inferred through analogy to animals which exhibit similar adaptations. At first glance it would seem that litle evidence to elucidate behavioral biology could be extracted from the fossil record. However, once inferential limits are placed on such hypothesis building, certain features of therapsid behavior can be Kemp (1982) hypothesizes that this sense of smell was well developed in certain therapsids and was associated with increased surface area in the nasal cavity. Ethmoturbinals and elongation of the snout due to development of a secondary palate, as discussed above, would be associated with such a sensory adaptation.
Another structure for odor detection is the vomeronasal or Jacobson's organ. The vomeronasal organ (VNO) has been shown to be especially important to tetrapods for chemical signal detection in a variety of social contexts (Burghardt 1970; Doty 1976 stages of every tetrapod studied in this regard. For example, the VNO is absent in adults, although present in embryos, of crocodilians, birds, some bats, manatees, cetaceans, and some primates (including humans). All other tetrapods possess VNOs as adults.
Such phylogenetic continuity suggests that the VNO is homologous in vertebrates, with some common ancestor(s) having possessed the trait (Bertmar 1981 , Duvall 1983 ). Because mammals and reptiles both possess VNOs, given the homology of this structure, and since therapsids gave rise to mammals, it follows that therapsids also possessed VNOs. Yet beyond this, can evidence be obtained from the fossil record to support the inferential hypothesis that therapids had VNOs?
To answer this query we must employ the comparative method by examining the anatomy of this structure in extant and fossil tetrapods (the later to the extent possible).
The VNO is generally positioned above the mouth in the palatal region and may connect with the mouth, nasal cavity, or both in extant tetrapods ( fig. 5 ). This oral and/or nasal connection is achieved through a palatine duct, a nasal duct, or a nasopalatine duct. Chemical cues are introduced into the VNO via such ducts.
Hence, fossil evidence for these may be taken as likely evidence for VNOs in therapsids.
In mammals the nasopalatine ducts pass through incisive foramina as they travel from the nasal to the oral cavity. Incisive foramina are features of the secondary palate and so are preserved in many therapsids that have derived a secondary palate. Examination of virtually all cynodont skulls verifies that if a secondary palate is present, incisive foramina are identifiable (Duvall 1983; Duvall, King, and Graves 1983) . The therapsid septomaxilla of the nasal cavity has been found to possess grooves that further suggest the presence of VNOs (Cluver 1971; King 1981; Duvall 1983) .
Concurrent with fossil evidence for VNOs, what can be determined with respect to sources of chemical signals? Substances which possess chemical signal function are usually thought to have evolved from some more general metabolite (Weldon 1983 ), a process termed "chemical preadaptation" (Duvall 1983 ). Examples of such metabolites include urine, feces, sweat, and saliva. Presumably therapsids could produce saliva, and they surely produced digestive wastes. As noted earlier, therapsids may have possessed specialized snout glands as well as generalized skin glands.
Therefore, it seems certain that therapsids had the ability to produce chemical signals.
Chemical Communication and the Evolution of Parental Care
Now assuming that therapsids had the ability to produce and detect chemical signals, how might these have been used? Since some therapsids were approaching the mammalian physiological grade, as argued above, other features of their biology probably evolved concurrently. For example, chemical communication may have been useful in the evolution of a variety of social actions such as in spacing and mating, for instance, and perhaps even in parental care.
While approaching the mammalian grade, evolution of parental care was associated with increased metabolic rate, decreased body size, and reduced developmental state of young at birth (Hopson 1973) . As young therapsids became more altricial (i.e., helpless at birth) and smaller in size, any advantage parents could provide to young might become critical. Perhaps a motheryoung association after birth was first maintained in order for the young to make use of the mother's body heat (produced as a byproduct of elevated metabolism) for aid in thermoregulation. In such early stages of evolution of parental care young would still be precocial (i.e., able to take care of themselves at birth) and therefore, quite mobile. Hence, for whatever reason that parental care became more prominent in therapsids, it could not have evolved unless some mechanism existed by which the young could detect and orient toward the mother.
As stated earlier, the concept of uniformitarianism can be used to strengthen inferences concerning the behavior of ancient species. Intraspecific chemical signals, called pheromones, mediate aggregation in many extant reptiles and mammals (Shorey 1976; Duvall 1983; Duvall, King, and Graves 1983; Graves and Duvall 1983) and could have helped maintain therapsid mother-young proximity as well. For example, Mykytowycz and Ward (1971) have demonstrated a mother-young aggregation pheromone in wild rabbits. Similarly, neonatal rats (Hofer, Shair, and Singh 1976; MacFarlane et al., 1983) and kittens (Kovach and Kling 1967) utilize olfactory cues to orient and attach to the mother's venter. Also, newborn marsupials migrate to the mother's pouch relying on olfaction (the only developed sensory system at birth) to do so (Griffiths, McIntosh, and Coles 1969; Griffiths 1978) . Hunsaker and Shupe (1977) suggest that it is vomeronasal olfaction specifically which mediates such orientation by the young to the mother. (Geist 1972) . Hence, it is likely that therapsids obtained chemical signal infor-mation in a similar manner.
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